The objective of this study was to determine more indepth physiological and antioxidant responses in two Medicago ciliaris lines (a salt-tolerant line TNC 1.8 and a salt-sensitive line TNC 11.9) with contrasting responses to 100 mM NaCl. Under salt stress, both lines showed a decrease in total biomass and in the growth rate for roots, but TNC 1.8 was less affected by salt than TNC 11.9 in that it maintained leaf growth even in the presence of added salt. In both lines, salt stress mainly affected micronutrient status (Fe, Mn, Cu and Zn) rather than K nutrition, but the tolerant line TNC 1.8 accumulated more Na in leaves and less in roots compared with TNC 11.9. Salt stress decreased total soluble sugars (TSS) in all organs of the sensitive line TNC 11.9, whereas TSS was only reduced in roots of the tolerant line. The salt-induced drop in growth was linked to an increase in lipid peroxidation in roots of both lines and in leaves of the sensitive line. The salt-tolerant line TNC 1.8 was more efficient at managing salt-induced oxidative damage in leaves and to a lesser extent in roots than the salt-sensitive line TNC 11.9, by preserving higher phenolic compound and superoxide dismutase levels in both organs.
Introduction
Salinity is becoming an increasing problem, especially in arid and semi-arid regions where irrigation is practiced. In such areas, limited rainfall, high evapotranspiration, high temperature and inadequate water management each contribute to increased soil salinity. Salinity is considered one of the most threatening factors to the natural environment and is responsible for widespread limitations to crop production, especially sensitive crops such as legumes (Munns & Tester 2008) . The depressive effect of salinity on plants has been attributed to osmotic effect, ion toxicity and nutritional imbalance (Munns & Tester 2008) . In the past few years, however, an increasing body of evidence has suggested that sensitivity to salt stress is associated with oxidative stress (Cavalcanti et al. 2007; Ksouri et al. 2007; Türkan & Demiral 2009; Tounekti et al. 2011 ). This stress presumably is due to a disturbance in the balance between the rates of reactive oxygen species (ROS) production and elimination. Such accumulation is extremely dangerous and is able to induce or accelerate ageing and senescence (Polle & Rennenberg 1993) probably by disturbing normal metabolism through damage to lipids, nucleic acids and proteins (Türkan & Demiral 2009) .
In order to avoid damage from salinity, plants have evolved a defence system which limits ROS formation and includes antioxidant enzymes and chemicals acting in concert. Among the antioxidant enzymes, superoxide dismutase (SOD) is considered to be the first line of defence. This enzyme scavenges superoxide in various cell compartments (chloroplasts, mitochondria, peroxisomes, the cytosol and the apoplast) leading to the formation of H 2 O 2 and O 2 . H 2 O 2 is then decomposed by catalase and peroxidase (Cavalcanti et al. 814 I. Ben Salah et al. 2007; Türkan & Demiral 2009 ). The non-enzymatic antioxidant system of defence consists of molecules such as glutathione, α-tocopherol, carotenoids and phenolic compounds (Chanwitheesuk et al. 2005; Chinnusamy et al. 2005; Shevyakova et al. 2009 ). These molecules also play a key role in free radical scavenging as electron or hydrogen donors and in the neutralization of free radicals and the quenching of singlet oxygen during salinity (Navarro et al. 2006 ). They also function as metal chelators in the defence against ROS. Plants with high levels of antioxidants, whether constitutive or induced, have greater resistance to oxidative damage (Di Baccio et al. 2004 ). (Poly)phenol synthesis and accumulation is generally stimulated in response to plant biotic or abiotic stress (Dixon & Paiva 1995; Naczk & Shahidi 2004) . Several studies have shown that the polyphenolic concentrations and antioxidant activity in plants depend on biological factors (genotype, organ, sub-cellular localization and ontogeny), as well as edaphic and environmental conditions (temperature, salinity, water stress and light intensity) (Gossett et al. 1994; Gómez et al. 1999; Mittova et al. 2003; Lisiewska et al. 2006) .
Proline synthesis is also a non-enzymatic means to scavenge ROS and its synthesis can serve as an alternative sink for energy to regulate the cellular redox state. Proline also functions as a molecular chaperone by stabilizing the structure of proteins, and its accumulation can provide a way to buffer cytosolic pH and to balance cell redox status (Verbruggen & Hermans 2008) . Proline, together with other compatible solutes such as soluble sugars, can accumulate under salt stress conditions without disturbing physiological processes and can contribute to preservation of membrane integrity and/or enhance the activities of various antioxidants (Chinnusamy et al. 2005; Shevyakova et al. 2009 ).
Legumes are critical components of natural ecosystems and agriculture and have recently been the subject of several studies highlighting their benefits and responses to cultivation in saline conditions . Here, we continue our investigation of selected lines of the legume, Medicago ciliaris, growing in symbiosis with its bacterial partner Sinorhizobium medicae.
In previous studies with this species, we showed that nodules are a strong sink for assimilates and that salt tolerance of a line isolated from a Tunisian salt flat was related to its ability to conserve photosynthetic activity (Ben Salah et al. 2009 ). We also demonstrated changes in leaf biochemical parameters between the salt-tolerant line and a salt-sensitive line (Ben Salah et al. 2011 ). In the present investigation, a relationship between NaCl toxicity and oxidative stress was shown for photosynthetic and underground organs of these two biotypes.
Material and methods
Biological materials and growth conditions Seeds were scarified with concentrated H2SO4 for 40 min and then washed 10 times with sterile distilled water and placed on sterile agar medium at 25 • C in the dark. Threeday-seedlings were transferred into pots filled with sterile vermiculite, inoculated with 1 mL of Sinorhizobium medicae CI 1.12/E22 strain suspension (∼10 8 /mL), and regularly irrigated with Hewitt N-free nutrient solution during growth (Hewitt 1966) . Experiments were conducted in the greenhouse during May to June under controlled conditions: 27/19 • C temperature, relative humidity 40/80% day/night, day length ranging between 13-14 h. Salt treatment (100 mM) was applied after the appearance of functional nodules (4 weeks after sowing). Plants were harvested at the beginning and end of salt treatment (3 weeks later) and separated into shoots and roots. Plant parts were oven-dried at 60 • C for 3 days and dry weights were determined. Plants were also grown in aerated hydroponic culture for enzymatic assays and biochemical analyses. Growth was assessed using the relative growth rate (RGR) calculated as follows:
where DM = (DMt2 -DMt1)/ln (DMt2 -DMt1) and DM represents dry matter and t time (days) of initial (t1) and final (t2) harvests.
Mineral nutrient and nitrogen determination
Dried samples (100 mg) ground was digested in microwave with HNO3 (69%) : 100% H2O2 (5:3, v:v) according to the method of Oliva et al. (2003) and mineral concentration was determined by inductively coupled plasma spectrometry. Reduced nitrogen was determined as described by Kjeldahl (1983) .
Enzyme extraction and assay
Freshly harvested samples were immediately frozen in liquid nitrogen and stored at −80 • C until analysis. SOD (EC 1.15.1.1) and peroxidase (EC 1.11.1.7) were extracted with 10% (w/w) polyvinylpyrrolidone in 50 mM K-phosphate buffer (pH 8) containing 0.1 mM ethylenediaminetetraacetic acid, 1 mM dithiothreitol and 0.5 mM phenyl-methylsulfonyl-fluoride (Scebba et al. 1999) . The homogenate was centrifuged at 12,000×g for 30 min, and supernatant protein content determined according to Bradford (1976) . SOD activity was assayed in the supernatant by monitoring the inhibition of photochemical reduction of nitroblue tetrazolium at 560 nm (Scebba et al. 1999) . Supernatant peroxidase activity was assayed by monitoring the formation of tetraguaiacol from guaiacol at 470 nm according to Srinivas et al. (1999) .
Oxidative damage
Oxidative damage (estimated by membrane lipid peroxidation) was assessed by measuring the concentration of malondialdehyde (MDA) in fresh tissue. Samples were homogenized in 0.1% (w/v) trichloroacetic acid (TCA) solution. The homogenate was centrifuged at 15,000×g for 15 min. An aliquot of the supernatant was added to 0.5% thiobarbituric acid (TBA) in 20% TCA, and MDA concentration determined on the TCA digest according to Hernandez & Almansa (2002) .
Total phenolic content
Colorimetric quantification of total polyphenols was determined as described by Dewanto et al. (2002) . An aliquot of diluted sample extract was added to 0.5 mL of distilled water and 0.125 mL of the Folin-Ciocalteu reagent. The mixture was shaken and allowed to stand for 6 min, before addition of 1.25 mL of 7% Na2CO3. The solution was then adjusted with distilled water to a final volume of 3 mL and mixed thoroughly. After incubation in the dark for 90 min, the absorbance at 760 nm was read in complete reactions versus a control containing 80% ethanol. Total phenolic content was expressed as gallic acid equivalents (GAE) per dry weight (mg GAE g −1 DW) using a calibration curve of gallic acid standard.
Total flavonoid content Total flavonoids were measured by a colorimetric assay according to Dewanto et al. (2002) . An aliquot of diluted sample or (+)-catechin standard was added to 75 µL of NaNO2 solution (7%) and mixed for 6 min before adding 0.15 mL AlCl3 (10%). After 5 min, 0.5 mL of 1 M NaOH solution was added and the final volume adjusted to 2.5 mL, thoroughly mixed, and the absorbance determined at 510 nm. Total flavonoids were expressed as (+)-catechin equivalents (CE) per dry weight (mg CE g −1 DW) using a calibration curve of a (+)-catechin standard (0-400 µg/mL range).
Total condensed tannins
The analysis of condensed tannins (proanthocyanidins) was carried out according to the method of Sun et al. (1998) . Three milliliters of 4% vanillin (in 100% methanol) and 1.5 mL of concentrated H2SO4 were added to 50 µL of suitably diluted sample or to a (+)-catechin standard. The mixture was allowed to stand for 15 min, and the absorbance was measured at 500 nm against methanol as a blank. The amount of total condensed tannins was expressed as CE (mg g −1 DW).
Proline and total soluble sugars (TSS)
Proline was extracted from ∼0.2 g of leaves by grinding in 3 mL of 3% sulfosalicylic acid. Proline content was determined according to the colorimetric method of Bates et al. (1973) . Soluble sugars extracted in 80% ethanol were quantified spectrophotometrically with the anthrone reagent using glucose as a standard (Yemm & Willis 1954) .
Statistical analysis
Analysis of variance (ANOVA) was used to test the statistical significance of data. Mean separation procedures were carried out using multiple range tests with Fisher's least significant difference (LSD) procedure (P < 0.05).
Results
Growth responses and tissues water content Whole plant production was 1.3-higher in the salttolerant line TNC 1.8 compared with the salt-sensitive line TNC 11.9 in the absence of salt treatment (Fig. 1) . Biomass production was reduced in both lines after treatment with 100 mM NaCl, but the salt-tolerant line produced substantially more biomass compared with TNC 11.9 (Fig. 1 ). Leaf growth of TNC 1.8 was maintained at a relatively constant rate in the presence of salt in contrast to leaf growth of the sensitive line TNC 11.9 which showed a reduced rate of ∼8% (Fig. 2) . Salt treatment decreased relative root growth in both lines, but line TNC 1.8 always showed a slightly stronger growth rate (Fig. 2) . Although water content was higher in roots of TNC 11.9 compared with TNC 1.8, water content did not change in either genotype after salt treatment (Fig. 3) . 
Nutrient concentration
The effects of salt stress on K, Na and mineral micronutrients in leaves and roots of the contrasting M. ciliaris lines are shown in Table 1 . Nutritional status of aerial parts of each line was generally less affected compared with the effect of salt on underground organs. Salt stress slightly decreased leaf Zn content in the sensitive line TNC 11.9 and slightly increased it in the salt tolerant line, whereas both lines experienced substan- Fig. 3 . Effect of salt stress on leaves and roots water content in control and salt stressed Medicago ciliaris lines. Mean values (± confidence levels) followed by the same ANOVA letter within the same tissue are not significantly different at P < 0.05 (n = 7). tial and equivalent decreases in root Zn content. Leaf Cu content decreased equally in both lines, but root Cu decreased to a greater extent in the tolerant line. Mn was increased moderately in leaves of both lines as a function of added salt, but decreased more substantially in TNC 1.8 (down to 0.5-fold of non-saline levels) compared with roots of TNC 11.9 (decreased down to 0.8-fold of non-saline levels). Fe appeared to be unaffected by salt treatment in both lines.
K leaf content of both lines increased to similar levels (1.5-fold higher) during salt treatment (Table 1) . However, K in roots of the resistant line was 1.5-fold higher than in the tolerant line in the absence of salt and generally declined proportionately to a much lower level in line TNC 10.8 after salt treatment. Both lines accumulated Na preferentially in leaves compared with roots, but line TNC 1.8 accumulated less Na in its roots than line TNC 11.9. TNC 1.8 also accumulated slightly more Na in its leaves in comparison with the sensitive line TNC 11.9.
Reduced nitrogen was 1.7-fold higher in leaves and roots of line TNC 11.9 compared with line TNC 1.8 in the absence of salt. However, salt stress affected nitrogen content only in leaves of the sensitive line TNC 11.9 by reducing reduced nitrogen to 0.25-fold of the level without salt (Table 1) .
Oxidative stress and antioxidant activities
To estimate Na toxicity-induced oxidative damage, MDA formation was measured in M. ciliaris leaves and roots (Fig. 4) . Under salt stress, MDA levels were significantly (47%) higher in TNC 11.9 leaves compared with non-saline values, whereas 100 mM NaCl did not affect leaf MDA levels in TNC 1.8. MDA levels increased similarly in roots of both lines. Leaf peroxidase activity was unaffected by salt in both lines, but decreased significantly in roots of TCN 11.9 compared with non-saline treatment and compared with TCN 1.8. SOD activity was similar in leaves of both lines without salt treatment. These levels were maintained in TNC 1.8, but decreased by 40% in leaves of TCN 11.9 with added salt. SOD activity in roots of the tolerant line TNC 1.8 was slightly higher than in roots of the sensitive line TNC 11.9 in the absence of salt, and was more adversely affected in roots of the sensitive line after salt treatment (Fig. 4) .
Total phenols, flavonoid and tannin content
Salt stress did not affect total phenolics, flavonoids and tannins in leaves of the tolerant line TNC 1.8. Levels of these biochemical components were initially higher in leaves of the salt-sensitive line TNC 11.9 than for TNC Table 1 . Effect of salt stress on K, Nred, Na, Fe, Mn, Cu and Zn content of leaves and roots of Medicago ciliaris lines after 21 days of salt stress (100 mM NaCl). a K (mg g −1 DW) Nred Na Fe (µg g −1 DW) Mn Cu Zn Leaves TNC 1.8 0 2 3 a ± 0 5 5 c ± 3 1 a ± 0 6 6 b ± 2 8 5 a ± 16 16 b ± 3 1 3 a ± 1 100 31 b ± 2 5 5 c ± 1 5 4 c ± 2 5 7 ab ± 12 110 b ± 14 13 a ± 1 1 5 ab ± 1 TNC 11.9 0 2 4 a ± 2 8 6 d ± 3 1 a ± 0 9 7 c ± 8 118 bc ± 10 17 b ± 1 1 7 c ± 2 100 31 c ± 2 2 1 a ± 3 4 8 b ± 2 101 c ± 7 125 c ± 2 1 3 a ± 0 1 5 b ± 1 Roots TNC 1.8 0 2 2 b ± 4 3 0 a ± 2 2 a ± 0 392 dc ± 81 166 cb ± 11 50 b ± 3 136 cb ± 22 100 8 a ± 4 3 0 a ± 2 1 3 b ± 1 315 c ± 15 75 a ± 17 37 a ± 9 9 8 a ± 7 TNC 11.9 0 3 3 c 56 b 3 a 258 ab 183 c 59 b 155 c 100 24 b ± 1 6 2 bc ± 1 2 4 c ± 2 231 a ± 2 152 b ± 16 50 b ± 1 120 b ± 9
a Mean values (± confidence levels) followed by the same ANOVA letter within the same tissue and table column are not significantly different at P < 0.05 (n = 3). 1.8 in the absence of salt, but then decreased by 18, 50 and 50%, respectively, after salt application (Table 2) . Root levels of phenolics and tannins were higher in TNC 1.8 than in the salt-sensitive line without salt treatment. After salt application, root phenolics and root tannins declined proportionately in both lines, while root flavonoid levels dropped down only to 50% of nonstress levels in TNC 1.8, but even further down to 25% in TNC 11.9
Proline, proteins and TSS content In both lines, a remarkable increase in proline accumulation occurred under saline conditions in leaves, such that proline levels were equivalent in both lines after 100 mM NaCl treatment. Both lines maintained equivalent non-stress levels of root proline after salt application. As well, protein levels were not affected by salt in tissues of either line (Table 2) . Both in the absence and presence of added salt, leaves of both lines accumulated substantially more TSS in comparison with underground organs (roots and nodules combined). In the absence of salt, the salt-sensitive line accumulated 50% higher leaf soluble sugars than the salt-tolerant line. Salt stress reduced leaf TSS of TNC 11.9 down to 2.4-fold lower than non-saline levels, whereas salt treatment did not affect sugar concentration in leaves of the tolerant line TNC 1.8. Root TSS content was reduced proportionately (to 60%) by salt stress for both lines, although root soluble sugars remained higher in the tolerant line than in the sensitive line (Table 2) .
Discussion
M. ciliaris is an annual medic (Medicago spp.), which is a strong candidate for the improvement of marginal or degraded lands. In areas of high salinity, this species promotes growth of other halophytes through enriching the soil with nitrogenous compounds. In a previous study of M. ciliaris, we focused on two nodulated lines developed from contrasting habitats in Tunisia: a saline flat (line TNC 1.8) and a non-saline habitat (line TNC 11.9) (Ben Salah et al. 2011 ). Nodules of both lines showed a marked decrease in the ability to fix nitrogen when subjected to salt stress, and the adverse effects of salinity were more apparent in nodules than in other organs. Leaf biochemical and physiological parameters were also measured in these two lines.
In the present study, we continued our assessment of M. ciliaris lines TNC 1.8 and TNC 11.9 to determine other factors which impact on tolerance and susceptibility to salt stress. Initially, we confirmed our finding that salinity tolerance in TNC 1.8 includes a strong ability to maintain leaf growth under salt stress (Ben Salah et al. 2011) . The maintenance of growth of photosynthetic organs in this line likely supports the growth of heterotrophic organs and the continuation of the supply of energy to the machinery of nitrogen fixation.
Our results showed that root growth in the sensitive line TNC 11.9 was more negatively affected by salt than in the tolerant line TNC 1.8. Underground organs in both lines suffered more from salt stress than aerial organs. This is consistent with the fact that roots are the initial organs to encounter soil salinity and are more markedly affected by saline conditions than leaves of other crops, such as sunflower and alfalfa (Ballesteros et al. 1997; Di Baccio et al. 2004; Wang & Han 2009) .
Salinity damage to plant physiological processes and development is caused by three effects: osmotic stress due to the high concentration of saline ions nearby the root zone, nutritional disturbance, and the toxic effect promoted by Na accumulation in specific plant tissues (Tester & Davenport 2003) . In both M. ciliaris lines, the depressive effect of salt on growth seemed unrelated to osmotic stress. In spite of the higher accumulation of Na, particularly in leaves, tissue hydration was not affected when plants were treated with 100 mM NaCl. This may reflect the ability of both lines to readjust their osmotic potential as observed by the strong and equivalent accumulation of proline in both leaves and roots. This sharp increase in proline content of both lines may involve de novo synthesis and/or inhibition of catabolism, such as it occurs in Catharanthus seedlings (Abdul Jaleel et al. 2007) , since degradation of proteins appeared unchanged by salt in M. ciliaris.
In spite of strong proline accumulation in both the tolerant line and the sensitive line, growth of roots in TNC 1.8 and growth of roots and leaves in TNC 11.9 was reduced. At the same time, leaves of the salttolerant line TNC 1.8 accumulated more Na in comparison with leaves of the sensitive line TNC 11.9. These results suggested that proline accumulation itself is not sufficient to confer salt tolerance (Poustini et al. 2007 ). This led us to hypothesize a mechanism of leaf vacuolar Na sequestration within the tolerant line TNC 1.8 under salt stress (Debez et al. 2006 ). In such a mechanism, K could be replaced by Na to assist with proline in osmotic adjustment to free up K for specific functions, such as enzyme activation, photosynthesis and stomata movements (Mäeser et al. 2002) . The presence or absence of such a mechanism could be tested in the future using molecular genetics and genomics techniques. These could include the development of a mutant population for M. ciliaris and a comparison of gene expression and function between the two contrasting M. ciliaris lines using M. truncatula microarrays.
In both M. ciliaris lines, salinity treatment reduced micronutrient concentrations particularly in roots. This reduction would have repercussions on organ growth and would impact on the antioxidant response of the roots to salt, particularly since transition metals (e.g. Cu and Fe) catalyze the formation of OH radicals from O − 2 in non-enzymatic Fenton reactions (Mengel & Kirkby 2001) . Fe, Mn, Cu and Zn are also metals which bring about optimum conformation and activation of antioxidant enzymes, such SOD, and enable electron transport through changes to their valency (Mengel & Kirkby 2001) . NaCl treatment (100 mM) induced oxidative stress in leaves of the salt-sensitive line TNC 11.9, but leaves of the salt-tolerant line were not affected. This oxidative damage was apparent by the increase in MDA levels in TNC 11.9, which indicates decomposition of membrane polyunsaturated fatty acids and has been noted in maize genotypes undergoing salt stress (Kholová et al. 2009 ). MDA has also been shown to accumulate in tomatoes under salt stress (Koca et al. 2006) and it was an indicator of salt stress injury in Amarathus seedlings (Bhattacharjee & Mukherjee 1996) and in portulaca (Yasici et al. 2007 ). Roots of both M. ciliaris lines accumulated MDA equally, and hence may be equally vulnerable to salt-induced membrane damage, even though root growth was still higher in the tolerant line than in the sensitive line. Contrasting sensitivity and tolerance in organs of the same plant (such as occurs in TNC 1.8) has been earlier reported in salt-treated cowpea plants (Cavalcanti et al. 2007 ).
The increased lipid peroxidation observed in leaves of the sensitive line TNC 11.9 could be due to a direct toxic effect of Na ions resulting from uncontrolled reduction of oxygen and formation of superoxide (Grassmann et al. 2002) . Since both lines were equally able to accumulate proline, which can quench free radicals and protect against oxidative stress, the sensitivity of leaves in TNC 11.9 may be related to its inability to maintain antioxidant levels (phenols, flavonoids and tannin) and higher TSS levels after salt treatment in contrast to the tolerant line TNC 1.8. Interestingly, the tolerant line TNC 1.8 also accumulated more flavonoids in roots under stress conditions. Modulation of the levels of such phenolic antioxidants are of great importance in the prevention of stress-induced oxidative damage and in the maintenance of osmotic balance (Chalker-Scott 1999; Gould et al. 2000; Sgherri et al. 2004 ) since they play a key role in scavenging free radicals in plants by donating electrons or hydrogen (Noctor & Foyer 1998; Smirnoff et al. 2001) .
Many studies have shown antioxidant enzymes are involved in plant tolerance to salt stress (Bhattacharjee & Mukherjee 1996; Yasici et al. 2007; Türkan & Demiral 2009 ). Particularly, SOD isoforms play a key role in the removal of superoxide from several cell compartments and provide enhanced tolerance to oxidative damage (Türkan & Demiral 2009 ). In the present study, the absence of membrane damage and continued growth of leaves of the tolerant M. ciliaris line TNC 1.8 was associated with the maintenance of higher leaf SOD activity levels in TNC 1.8 similar to levels in plants unexposed to high salt conditions. In the sensitive line TNC 11.9, the increase in leaf oxidative damage and reduced leaf growth were associated with a 50% decrease in SOD activity. In both lines, leaf peroxidase levels were not affected by salt. This result provided additional evidence for the crucial role of SOD activity in the protection of the photosynthetic machinery against salt-induced oxidative damage. SOD also seemed to play an important role in the protection of M. ciliaris roots against oxidative damage. In spite of the maintenance of equiv-alent peroxidase activity in roots of the tolerant and susceptible lines after salt treatment, root growth activity declined faster in growth activity in the sensitive line TNC 11.9, and this decline was positively correlated with a much lower root SOD activity compared with the salt tolerant line TNC 1.8.
In summary, we have shown that the salt-tolerant M. ciliaris line TNC 1.8 undergoes less salt-induced oxidative damage in its leaves, and to a lesser extent in its roots, in comparison with the sensitive line TNC 11.9. This sensitive line maintained a lower phenolic content and antioxidant activity in both leaves and roots compared with the tolerant line. The stronger ability of the tolerant line TNC 1.8 to protect photosynthetic and root organs against oxidative damage probably allows for continued growth of these organs and points once again to the utility of this line to breed a salt-tolerant variety of M. ciliaris for land reclamation.
